Background: In recent years, some studies have tried to improve Phase Contrast Microscopy (PCM) for counting asbestos fibers. Due to the lack of a universally accepted alternative method, this study aimed to improve PCM for better counting of asbestos fibers. Materials and Methods: Confirmed asbestos standards were applied using a dust generator for sampling. Sampling from the dust generator was carried out according to the Occupational Safety and Health Administration (OSHA) ID-160 method and 95 samples with diverse densities were prepared to be counted using conventional and modern PCM. All samples were counted single blindly by a co-author of this study and the obtained data were analyzed by paired ttest, correlation coefficient and Bland-Altman analysis. Duplicate samples were prepared for qualitative analysis by Fourier transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM) and X ray. Results: Asbestos densities on filters were in the range of less than 100 to 600 fibers/mm 2 . Statistically, significant differences were observed for the count density of the 95 samples counted by the two phase contrast microscopes (P<0.001). Nikon microscope demonstrated higher counts compared to conventional microscope and had a lower coefficient of variation. Samples were analyzed qualitatively using FT-IR and SEM, and the presence of asbestos fibers was confirmed.
INTRODUCTION
Asbestos is the term used for six groups of inorganic silicon compounds, which can be found in the form of inorganic fibers in nature (1) . Asbestos has unique physical and chemical properties such as insolubility in water, resistance to heat and fire, and resistance to chemical substances and it is widely used in many manufacturing and industrial processes (2) .
According to epidemiological reports, carcinogenicity of asbestos fibers has been established for human beings (3, 4) . Generally, exposure to all types of asbestos causes lifethreatening conditions such as lung cancer, malignant mesothelioma and asbestosis (5) (6) (7) (8) (9) . Although the World Health Organization (WHO) and the International Labor Organization (ILO) emphasize on abandoning the use of asbestos, Iran and some other developing countries continue to use it for industrial purposes (10) . According to the WHO, about 125 million individuals in the world are still exposed to asbestos through their occupations (11) .
According to a report from the ILO, there are about 100,000 TANAFFOS R. Azari M, et al. 39 Tanaffos 2014; 13 (3) : [38] [39] [40] [41] [42] [43] [44] [45] mortalities annually due to occupational exposure to asbestos (12, 13) .
PCM has been used for counting fibers since early 1970s and it is considered an inexpensive, simple technique. This method has been used for epidemiological studies and risk assessment of occupational exposures.
However, there are few limitations associated with its use; for example, PCM cannot distinguish between asbestos and non-asbestos materials and cannot detect fibers with diameters less than 0.2μ. Also, it must be emphasized that the coefficient of variation reported by OSHA's compliance inspections to be 12% for 395 replicate samples and fiber densities ≥100 f/mm 2 (14) has been regarded unfavorable by some analysts (15) . However, electron microscopes can detect smaller fibers and they are not reliable for fiber counting. SEM has the drawbacks of very small field of view of the filter due to extreme magnification as well as high cost and lack of accessibility (19, 20) . Due to the cost issues and other challenges of alternative methods, there have been attempts to improve the efficacy of conventional PCM by equipping it with a high resolution camera and an appropriate software program (21, 22) . Due to the fact that advanced methods may not be easily accessible in Iran and other developing countries, this study attempted to improve the conventional PCM for counting asbestos fibers using a modern phase contrast microscope equipped with a 12-megapixel camera and 21-inch monitor. Also, in order to overcome the inability of phase contrast method (OSHA ID-160) for positive recognition of asbestos fibers, FT-IR was used in this study. 
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RESULTS
Results of the quantitative analysis
Ninety-five samples were obtained from the dust generator fed Chrysotile asbestos. The mean fiber density of the 95 samples counted by Leitz and Nikon microscopes was in the range of 9.6 -551.8 f/mm 2 and 13.8 -588.5 f/mm 2 , respectively. All data obtained in this study 
Results of qualitative analysis
After FT-IR spectrometry and comparison of spectra with standard spectra (25) , it was found that just two of the three standard samples obtained from Iranian universities (A and B) were pure chrysotile asbestos. These results were also confirmed by SEM. An example of an EDS spectrum of chrysotile of sample A is shown in Figure 4 , where the magnesium to silica (Mg/Si) ratio is 1.39. from Iranian universities A and B were also identical (Table 2 ). Qualitative analysis of chrysotile asbestos is achieved through observation of IR absorption of functional groups at various wave numbers mentioned in Table 2 . Figure 6 shows the absorption spectra of five samples. Number 1
shows standard asbestos (A) spectra which, its quality was also confirmed by XRD to be chrysotile asbestos. The spectra of sample numbers 2, 4 and 5 were raw materials of manufacturing brake shoes samples were not recognized as chrysotile asbestos which the results were also confirmed by SEM. Sample number 3 (wastage of auto brake repairs) was recognized as chrysotile asbestos which was confirmed by SEM. 
